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THE DESIGN AND PERFORMANCE OF 
3 INDUSTRIAL LIGHTING 


A REVIEW OF PRESENT-DAY PRACTICE WITH SUGGESTIONS 
FOR FUTURE DETAIL IMPROVEMENTS TO MEET WITH THE 
REQUIREMENTS OF THE USER AND MAINTENANCE ENGINEER 


By HUGH S. ALLPRESS, A.M.I.E.E. (Fellow) 
(Paper read on Tuesday, February /2th, 1946) 


(1) SUMMARY 

The paper is divided into two parts. 

PART | deals with the design of lighting equipment and ancillary apparatus from the 
points of view of maintenance, safety, performance and simplicity of manufacture. The 
author’s statements are based upon the checking of large numbers of artificial lighting 
installations during recent years. It is held that the experience gained during the war 
period, when little change occurred in industrial lighting equipment, should influence 
designers in developments for the future. 

Special reference is made to questions of earthing, electrical and mechanical safety and 
to the temperatures attained in lighting fittings, which latter it is claimed are frequently 
too hot for service with normal cables. 

Effects of corrosion and the specification of the quality of vitreous enamel are discussed. 

Suggestions are made for the extension of Standard specifications to ensure inter- 
changeability in preference to the present tendency to limit their scope to performance 
requirements—including references to lampholders, low voltage lighting equipment and 
local lighting reflectors. 

Photometrical evidence is offered in a novel form of diagram of the similarity in the light 
distributions from vitreous enamelled reflectors of different shapes with recommendations 
for a standardised design in place of the present alleged unnecessary multiplicity of patterns. 

The electrical tracking effects of dust and the problem of dustproof lighting fittings are 
discussed. Particulars of a range of special totally-enclosed reflectors developed for war 
factories are given. 

PART Il draws attention to certain aspects of present-day practice in the design of 
industrial lighting layouts and suggests a greater degree of earlier co-operation between the 
factory owner and the illuminating engineer, with a fuller definition of the responsibilities 
of the latter. 

Some special installations are discussed and comments made on the existing codes of 
illumination practice and the effects of decorations. 

Special reference is made to lighting of hot-working areas in steel works, and the author’s 
contention that reasonable illumination does not interfere with normal working conditions 
is upheld by certain quantitative experiments. 

The experiments described also indicate that incandescent metal tends to reflect a 
greater proportion of incident light with increases in temperature and under certain cir- 
cumstances may actually appear hotter under augmented illumination. This is the reverse to 
opinions frequently stated. 

Comments on experience in connection with maintenance are given with recommenda- 
tions for an ordered scheme for carrying out such work. 

In conclusion the author draws attention to Government recognition of the meritorious 
contribution of the Lighting Industry to the war effort and the official measures introduced 
to assist improvements to artificial lighting. He hopes that many of such welfare measures, 
found possible in war, ‘may be continued in peace. 
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PART I. 


2. War-Time Experience of Lighting 
Equipment 

For some _ years pea | to the 
exigencies of war there has been little 
change in the design of industrial 
lighting apparatus. Manufacturers 
will, no doubt, be preparing designs for 
fittings and other equipment for manu- 
facture as soon as conditions permit, 
and it is suggested that special con- 
sideration should be given to the 
details of design mentioned below:— 


(2.1) TEMPERATURE OF CABLES AND 
TERMINALS 

Trouble has been experienced due 
to the temperature of the connection 
terminals of lighting fittings—includ- 
ing even types with so-called “ Cool- 
Wiring” chambers—exceeding the 
safe working limit for normal cables. 

The use of V.I.R. cable and especi- 
ally also the P.V.C. grade is depre- 
cated for the final connection to 
lighting fittings; particularly if the 
latter are hung on chains or otherwise 
flexibly supported. 

nm the other hand, asbestos insu- 
lated cable is not universally satis- 
factory, owing to its hygroscopic 
qualities, in installations which are 
likely to become damp during the 
period in which the lights are not in 
use. There are several grades of 
cable in between these limits, and it 
is suggested that agreement should be 
reached between manufacturers as to 
the practicable limits to which the 
temperature of the connection 
chambers or lampholder terminals 
can be kept (without making the fit- 
ting ae cumbersome and 
expensive), and that the temperature 
obtained in service should be 
published or otherwise graded by 
specification, with an indication as to 
the type of cable which should be 
used. 

Vulcanised india-rubber, for in- 
stance, can be exposed to 120 deg. F. 
without undue loss of life as an in- 
sulant, but when this temperature is 
exceeded within reasonable limits it 
does not follow that an immediate 
breakdown will result. Its useful life 
will be reduced or brought to an 
abrupt termination when it is neces- 
sary for any reason to interfere with 
connections or any mechanical move- 


ment made whether accidentally oy 
not. This may result in the necessgij 
of drawing-in an entirely new len 
of cable through the last section of a 
conduit-protected wiring system. 

When P.V.C. cable is the only type 
available for an installation or it jg 
otherwise more desirable in order to 
overcome some local contamination 
such as oil, the temperature range 
which can be regarded as being within 
safe working limits is further re 
stricted. 

The need for the publication of a 
standard specification covering this 
heat question would be more quickly 
realised if the temperatures attained 
in lighting fittings of the industria] 
type were more widely known. 


(2.1.1) Temperatures Attained in 
Industrial Reflectors 


Fig. 1 indicates the temperature dis- 
tribution, measured by thermocouple, 
in an 18 in. industrial lighting unit 
with visor and connection box. This 
type of unit is widely used for the 400- 
watt discharge lamp, but it will be 
noted that the temperature inside the 
connection box is within the recom- 
mended limit with a 250-v. lamp; it is 
then 115 deg. F. With the 400-watt 
lamp it rises to 145 deg. F. 

The very considerable protection 
afforded by the connection box ar- 
rangement is apparent from: the 
diagram, but it was not sufficient for 
the maximum size of lamp required 
when a glass visor was fitted. The 
fitting was an experimental unit, but 
further investigation showed that the 
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Fig. 1. Temperature distribution in an 
experimental industrial reflector fitting. 
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temperatures were not unreasonable 
as compared with those actually ob- 
tained in commercially available units. 
Structural modifications with a slight 
increase in dimensions enabled final 
uction samples to be made which 
operated within the required limits. 


(2.2) VirrEous ENAMEL 


Experience shows that not only can 
there be a variation in the initial dif- 
fuse and specular reflection factors of 
enamel but also in the rate of depreci- 
ation of each of these ratios with 
different samples of vitreous enamel. 

It appears that there is a quality 
which can be defined as the “ ability 
to keep clean,” and that this may, in 
certain cases, override the initial re- 
flectivity of the enamel. It is, 
therefore, suggested that a useful line 
of research would be an investigation 
into the quality of vitreous enamel 
with special reference to factors which 
affect the permanence of vitreous 
enamel used as a reflecting surface. 

This aspect of vitreous enamelling is 
not dealt with in the existing British 
Standards Specification No. 232 for 
Industrial Reflector Fittings, which 

ifies only the total overall reflec- 
tion efficiency of a complete fitting. 

The difficulty of specifying and also 
differentiating between the perform- 
ance claims of different manufacturers 
was met in connection with bulk pur- 
chasing during the war. 

The author understands that the 
testing of vitreous enamel is, however, 
being actively investigated by the 
Sener inte B.S.I. panel and the publi- 
cation of their recommendations is 
awaited with interest. 

The author does, however, desire to 
make the point that the standardisa- 
tion of tests for chemical resistance, 
mechanical and thermal properties 
and reflectivity may not be sufficient 
inso far as the illumination industry 
isconcerned. Performance recommen- 
dations may be more helpful. 

It is Sequently not the absolute re- 
sistance of the enamel to acid or al- 
kali attack to the degree met, for in- 

, in cookery, which matters. In 
abnormal installations, such as plating 
the reflectors rarely fail due to 
the complete dissolution of the ena- 


mel but from attack at the vulner- 
able and largely unavoidable edges 
which cannot be adequately covered. 

Under these circumstances the strict 
acid resisting qualities of the enamel 
are not the main consideration. 

It is in more normal installations 
that any guidance, leading to the per- 
fection of enamelling which will re- 
tain the optimum reflectivity index 
after long periods of service with ease 
of cleaning, will be of the greatest 
assistance. 

It is for these normal installations 
that a simple test in reflectivity index 
will be of special value, providing 
these tests do have a proper relation to 
the combination of specular and 
diffuse reflections in the proportion 
that these qualities operate in a light- 
ing reflector. 


(2.3) Dust-Proor FITTINGS 


Considerable advances have been 
noted in the quality of fittings de- 
signed to operate in heavily polluted 
atmospheres. Some new fittings have 
been designed so that the convection 
currents set in motion by the hot lamp 
carry the dust-laden air away from 
the relatively cool inside surface of 
the reflectors. 

Others are so designed that the re- 
flectors can be quickly detached with 
or without the lamps. 

The practice of fitting glass visors to 
fittings really designed to operate 
with the bottom open is unsatisfac- 
tory. During the cycles of cooling, 
dust-laden atmosphere is drawn into 
the a through ventilation open- 
ings and the dirt is then deposited not 
only on the reflecting surface but also 
on the inner and upper side of the 
glass visor. In a short time, the loss of 
efficiency with such an arrangement 
can be greater than if the fitting had 
been entirely open. 

It is suggested that greater use 
should be made of reflectors of suffi- 
ciently large dimensions to enable 
them to operate satisfactorily without 
overheating the cable and without any 
ventilation. Such fittings give rise to 
considerable variations in internal 
pressure during heating and cooling, 
and it is necessary to provide far more 
elaborate sealing than is usual with 
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the normal type of visor using a felt 
gasket. 


(2.3.1) Fittings Produced for War 
Factories 
Interesting fittings of the type pre- 
ferred are those specially developed 
for use in certain classes of war fac- 


tories, such as the patterns shown in 
Fig. 2. 








rc 


Fig. 2. Example from range of totally 

enclosed fittings, with interchangeable 

canopies, which were developed for certain 
war factories. 





(2.4) EARTHING OF VITREOUS 
ENAMELLED REFLECTORS 


Tests taken by the writer show that 
it is not always sufficient for the lamp- 
holder, in the case of 14-in. hole fit- 
tings, or the canopy, in the case of 
the larger and heavier type industrial 
fittings, to be earthed. This applies, 
even if insulating washers are not used 
between the reflector and the earthed 
metal work, as the enamel, being of 
a glass-like nature, acts as an insulat- 
ing medium. 

There are, of course, unfortunate 
cases when no provision at all is made 
for visible earthing on lighting fit- 
tings, but the practice of providing a 
suitable screw and washer of adequate 
dimensions on the outside of the 
canopy or supporting hook is becoming 
more common. In addition to this, 
therefore, the writer suggests that a 
pinching screw, eyelet or other device 
should also be provided which will 
ensure that metal of the reflector is 
also properly earthed. Should this 
metal become alive a shock might be 
drawn from the raw lower edge. 


(2.5) LAMPHOLDERS: MECHANICAL 
FEATURES (') 


It is hoped, that with the releag 
of control the market will not again 
be flooded with the cheaper type of 
B.C. lampholder with practically m 
metal in the dome, badly fitting “L’ 
rings holding the body together, and 
wa i thin shade carrier rings without 
ugs. 

It is most important that 
holders have terminals of am 
dimensions to enable the cable to he 
looped-in, and a connection of a clamp 
type as distinct from the pinchi 
screw is greatly to be preferred. 


(2.5.1) Plastic Lampholders 

The writer deprecates the use of 
moulded lampholders, except for 
special applications in earth-free in. 
stallations and general domestic use 
beyond the scope of this paper, but he 
suggests that the assembly be so con- 
structed that there is no tendency for 
“fading” or taper threading to jam 
and make re-wiring difficult. 

There is also room for improve 
ment to the cord grip, so that this is 
entirely independent of the diameter 
of the cord and the load is distributed 
more evenly around the whole cir- 
cumference of the cable. 


(2.5.2) Lampholders: Electrical Safety 


Cases have been met of skirted 
lampholders purporting to comply 
with the so-called Home Office Regu- 
lations which do not offer complete 
protection of the cap of the lamp, 
particularly the 200-watt size, at the 
moment of insertion. It should not 
be overlooked that the centre contact 
may touch the liner of the holder and, 
if the latter be alive, so complete a 
circuit through the filament to the 
hand of the person inserting and 
possibly groping for the correct posi- 
tion for engagemerit of the lamp cap. 
This is actually covered by the 
+ eh British Standard Specifica- 
ion (2), 


(2.5.3) Lampholders: Standardisation 


In the case of porcelain holders, 
standardisation of the fixing centres 
and dimension from centre contact to 
base is long overdue. ¢ 

In the case of B.C. metal and plastic 
holders a tightening-up of the toler- 
ances of the external screwing of the 
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, to ensure interchangeability of 
-. carrier rings, is surely not an 
insoluble gauging problem. In addi- 
tion to the “S” and “Z” types of in- 
gulating bases for use with metal- 
cased holders there are variations of 
the locating lugs and recesses; the 
angular position of these in relation to 
the contacts should be standardised. 

At present the relevant B.S.S.- (?) 
are worded primarily to ensure cor- 
rect fittin etween lamp caps and 
holders. hat is required is a degree 
of standardisation to ensure inter- 
changeability between different makes 
of porcelain holders and essential 

of B.C. moulded and metal 
ders. 


(26) Rust-Proorinc Non-VITREOUS 
ENAMELLED PARTS 

Experience during war-time condi- 
tions with A.R.P. lighting fittings, 
which were, almost without excep- 
tion, stove enamelled only, shows that 
this finish can, in practice, have an 
extremely short life, and care taken 
in producing a particular colour can 
be quickly wasted by deterioration 
under atmospheric conditions. 

It is believed that much has been 
learnt during recent years in respect 
of rust-proofing and improving the 
adherence of paints and varnishes 
to base metals, and such coatings as 
galvanising and zinc impregnating, 
and that such research continues. The 
publication of this information and its 
general adoption by lighting fittings 
manufacturers is therefore awaited 
with interest. (?7) 


(2.7) ApsusTaBLE ARM FITTINGS 


Considerable improvement has been 
noted in the design of adjustable arm 
fittings which have been becoming in- 
creasingly popular, and it is now 
— to obtain adjustable bracket 

i with joints which can_ be 
telied upon not to loosen under vibra- 
tion, and which at the same time 
ensure earth continuity throughout 
the unit up to, and in some cases even 

ing, the vitreous enamelled 
teflector. 
_ Certain of these fittings also include 
Igenious arrangements to reduce 

wear, but again some manufac- 
turers overlook certain of these 
features, and in np 4 designs the 
final effect is spoilt by the crude 


arrangement of the lampholder which 
is frequently of the moulded type at 
right angles to the last arm, necessi- 
tating a sharp bend for the cable. 

This is a particularly vulnerable 

int which is most liable to be 
handled, and cord wear usually first 
makes it appearance here. Oil or, 
worse still, suds may be permitted to 
enter into the lampholder from the 
hands of the machine operator, and 
the worn cable may become exposed 
under these conditions. 

In other cases the design is spoilt 
by the reflector being attached by the 
shade carrier ring. This is a most 
weak mechanical arrangement. 


(2.8) Switch LAMPHOLDERS 

The use of key or push-bar lamp- 
holders is deprecated, and it is con- 
sidered that a switch of substantial 
proportions incorporated in the base 
of the fitting to ensure that the lamp- 
holder is completely dead (the switch 
being D.P. or in the live lead) should 
be a standard requirement. 


(2.9) STANDARDISATION OF VOLTAGE 

A need for a standardisation of low- 
voltage lighting units is clearly re- 
quired in the general interests of 
standardisation which every mainten- 
ance engineer soon learns is an end in 
itself. The writer has inspected in- 
stallations employing 12, 25, 50 and 100 
volts with or without a centre tapping 
on the secondary of the transformer 
to limit to half the P.D. above earth 
potential. 


(2.10) TERMINALS IN LOW-VOLTAGE 
CIRCUITS 

Where, for economy in initial out- 
lay, a single transformer feeds a 
number of lamps, exceptionally heavy 
leads to prevent excessive “I.R.” drop 
may be necessary. In some cases, 
however, manufacturers do not pro- 
vide oes terminals capable of 
taking sufficiently large section wire 
for even normal final circuit runs, - 
and a considerable loss in light 
output can result due to the volt- 
age drop, which is important in 
high-current low-voltage circuits of 
this type. 


(2.11) PRoTEcTION or Low-VOLTAGE 
CIRCUITS 


_In some cases a fuse in the primary 
circuit only is provided, and with a 
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high ratio transformer the primary 
current is extremely small in value. 
It is, therefore, quite possible to obtain 
a partial fault which can give rise to 
dangerous heating of the circuit or at 
least damage to the transformer with- 
out blowing the primary fuse. 

On the other hand, a fuse in the 
output circuit alone may not cover all 
classes of faults and if made suffi- 
ciently sensitive may have a short life 
or give rise to a definite voltage regu- 
lation, due to its resistance, which, as 
stated before, is extremely bad in cir- 
cuits of this nature. 

The use is therefore recommended 
of a a form of thermally or 
magnetically operated cut-out opera- 
ting in the secondary circuit with 
overall protection by means of a fuse 
in the primary. 

An alternative method is to increase 
the regulation artificially by inserting 
a resistance with a high temperature 
coefficient, such as a lamp, in the 
primary circuit. This will give warn- 
ing of a fault and prevent an exces- 
sive short-circuit current. 


(2.12) Barrery Hanp-Lamps 


The writer considers that in the in- 
terests of safety portable lamps-should 
never be used in an industrial under- 
taking on mains voltage where this 
can be avoided, but this is a high ideal 
at which to aim. In any case it is 
hoped that the use of low-voltage 
portable lamps will be popularised to 
a greater extent, and a field certainly 
appears to exist for a “ wireless ” type 
of hand-lamp consisting of a battery 
on the lines of the miner’s hand-lamp, 
which is fitted with its own rectifier 
and can be recharged by plugging 
directly into a wall socket. This 
should meet the requirements in small 


works, but in larger works arrange 
ment of block re-c arging on the line 
of colliery practice should not be im. 
possible. 


(2.13) Setr-SuPPORTING HANpD-Lamps 


Where, however, a wired lamp js 
necessary it is suggested that this 
should, wherever possible, be a port 
able lamp and not just a hand-lamp, 
A more general fitting of reflectors ty 
hand-lamps would also reduce the 
liability of causing glare to othe 
workers. 

Unless designed to clip-on the 
hand-lamp should be formed so that 
it will stand on the floor, or lie 
in a _ particular position without 
rolling, with a reflector so designed 
that it will throw the light either o 
endwise along the axis of the len 
of the ae or at right angles over a 
gout width like a small trough-light, 

ig. 3. 


(2.14) STORING OF FLEXIBLE 
ConpucToRS WHEN NOT IN Use 
In order to ensure long life to the 
cable it is important that this is not 
twisted in rolling up after use, and it 
is to be deprecated that few portable 
lighting fittings or tools embody any 
spider upon which the cable can be 
rolled up. In any event, to avoid 
kinking, the cable should be coiled up 
with the far end left entirely free. 
That is to say, in most cases the plug 
should be removed from the socket 
and the cable then rolled up from the 
apparatus end. 
he underlying principle of the fore- 
oing is one which is fully appreciated 
y the sailor, who does not coil up 
ropes upon the deck in the usual 
nautical manner merely for the sake 
of being ship-shape. In this instance 





Fig. 3. Portable lamp designed to stand or hang. 
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the drill is another example of the fact 
that there is a proper way to do prac- 
tically everything and that a slip-shod 
method saves neither time nor 
material and in the end may cause a 
reduction in the life of the latter. 


(2.15) FLAME-PRoor APPARATUS 
(LicHTInG UNrts) 

The demand for flame-proof appara- 
tus, particularly of the Group 2 type, 
has been greatly increased in recent 
years and most satisfactory experi- 
ence has been obtained with existing 
patterns, although it is appreciated 
that in many instances these, owing to 
war-time conditions, have not been de- 
signed to the latest B.S. Specifica- 
tion‘>). 

Attention is however drawn to the 
fact that in many cases the lighting 
fittings are supplied without reflec- 
tors, and it is suggested that the reflec- 
tor giving an approved light distribu- 
tion with the 20 per cent. angle of cut- 
off should be made an essential part 
of the unit, unless specifically ordered 
otherwise by the buyet. Trouble has 
been experienced due to necessity of 
ordering reflectors after installation 
and these are not necessarily inter- 
changeable even among equipment 
provided by the same supplier over a 
period of years. 


(2.16) JUNCTIONS WITH Non- 
FLAME-PROOF WIRING 

In several cases installations have 
been found where no special precau- 
tion has been taken in respect of the 
passage of the conduit into the one 
room which may include the ex- 
plosion risk. In all such cases the 
flame-proof conduit installation as 
awhole should be sealed off from the 
remainder of the circuit in the factory 
and the practice of filling the final 
conduit box with compound appears 
to be rather an improvisation, and it is 
doubtful if this complies strictly with 
the Regulations. roperly designed 
“barrier ” boxes are now available. 


(2.17) TRackInG ErrecT oF SMOKE-DuST 


The extensive change-over from 
fuel oil to heavy fuels of the creosote 
pitch type have given rise to a con- 
siderable increase in the maintenance 
difficulties of electrical plant, includ- 
ye hs ting fittings. 

er the best combustion con- 


ditions where this type of fuel is used 
in muffles or other furnaces for heat 
treatment or the heating of billets in 
tool-making, stamping and rolling 
industries, a certain amount of atmo- 
spheric pollution still occurs. Even 
with an advanced ventilation system 
the deposition of the dust contained 
in the smoke cloud is to a large extent 
unavoidable. 

In a heavy drop stamping shop with 
34 furnaces consuming approximately 
1,350 gallons of fuel oil per working 
day of 19 hours a “rainfall” of dust 
amounting to 0.2 mm. per working 
day has been recorded. Even a thin, 
dry layer can flash over a distance of 
the order of 2 ft. with a 400-v. circuit. 

Fittings for use in this type of atmo- 
sphere must be of a most robust con- 
struction, with pressure-held gaskets 
at all joints which are broken for 
maintenance, such as the types 
described in section (2.3.1). The use 
of plastic for lampholders, etc., should 
be avoided. 

Dust is liable to penetrate to all 
portions of an electrical system and, 
when precautions have not been 
taken, trouble has been experienced 
with adjustable brackets, portable 
lamps, chokes and condensers, and 
pendant lighting fittings where the 
insulation was moulded plastic. 


(2.17.1) Socket Outlets 


Failures have been noted where 
the sockets are insulated from 
the front cover plate by means 
of moulded material which also 
acts as a spacer and is held in 
situ by a pressure exerted by the 
connection sockets behind the cover 
plates. With this type of fitting, the 
tracking effect of dust can quickly 
cause “the insulation to break down 
and in itself give rise to a fire hazard. 
A further difficulty is that the trouble 
cannot be definitel  eagtoowng by 
wiping the front of the plate, and 
there is the danger that the insulat- 
ing sleeves may disintegrate, allow- 
ing contacts to come forward and 
“short” on the surface plate. It is 
also possible for this type of failure 
to occur at the moment of the inser- 
tion of the plug and a dangerous 
blow-out occur. 

Switches to control each socket out- 
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let can sometimes be omitted without 
infringement of the wiring regula- 
tions. Where this practice is adopted 
it is. suggested that the plug socket 
assembly should be so designed that 
the possibility of hand contact with 
ive plug pins during insertion or 
removal is impossible. 


(2.18) OpticaL FEATURES OF LIGHTING 


FITTINGS 
Notes on Shapes of Vitreous 
Enamelled Reflectors 

When calls have been made for 
official purposes for vitreous enamel- 
led industrial reflectors, evidence of 
much wasted affort has been brought 
to light by the multiplicity of types 
offered. 

For the purpose of this paper it 
should be sufficient to state that 
the light distribution of vitreous 
enamelled reflectors is governed 
primarily by the height and diameter 
and is largely unaffected by the con- 
tour of the reflecting surface. (*) (°). 

The mathematical arguments in 
support of the above are, however, 
generally given by an analysis of the 
light distribution of a_ particular 
reflector and deducing the* expected 
result with a change of contour. Polar 
curves are, however, notoriously mis- 
leading unless the principle of flux 
calculation in relation to solid angles 
is fully understood. 

It is felt, therefore, that the matter 
may be better appreciated by users 
and others outside the ranks of 
illuminating engineers by presenting 
such data by means of illumination 
curves which are generally more easy 
to understand (although the present 
fashion of using the term “lumens 
per square foot ” in place of the “ foot- 
candle” unit does confuse the issue 
in the minds of some). 

Fig. 4 shows, therefore, in a simple 
manner the results of special tests 
under strictly comparable conditions 
of two 10-in. diameter vitreous 
enamelled reflectors with the lamp 
filament adjusted to the same height 
above the bottom opening in each 
case. (Test taken at right angles to 
filament gap.) 

The test sheet reproduced is, in fact, 
the author’s modification of a well- 
known Holophane diagram and 
enables the illumination to be_read- 
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off for any mounting height or size 
of lamp by the addition of suitable 
scales. The illumination at any point 
is stated in terms of the percentage 
of that given immediately underneath 
the fitting and the scale for distances 
along the working plane is given as 
fractions of the mounting height. (h) 

The basis of division into “ sixths” 
in preference to “tenths ” is adopted 
to se with the English system of 
eet. 


For normal purposes it is not neces. 
sary to reproduce the polar distribu. 
tion curves, but this has been done in 
the present instance to show the con. 
nection between the old and the pro- 
posed new method of presenting 
photometric data. 

Reference to curves (a) and (b) 
shows at a glance the lack of scientific 
foundation for the distinguishing 
names generally applied to reflectors 
of these two types. 

The curves show that (if the angle 
of cut-off is unaltered) no wider light 
distribution is obtained with the 
“ dispersive ” type, and in the case of 
the “concentrating” pattern the 
increase in illumination due to the 
somewhat short-lived specular reflec- 
tion by the initial glaze of the enamel 
only accounts for a _worth-while 
increase in illumination over a cir- 
cular patch of radius about 1/6th of 
the mounting height. 

The differences between the two 
sets of candle-power and illumination 
distribution curves are emphasised by 
cross-hatching. 


(2.18.1) Deep Dome Reflectors 


The above-mentioned type of reflec- 
tor has been widely used in the 
country during the past few years for 
use with the 250- and 400-watt electric 
discharge lamp, but on the Continent 
fittings with this contour were largely 
adopted as the general lighting unit 
with the original filament lamps and 
have retained much of their popu- 
larity to this day. The American 
R.L.M. design introduced for use with 
the gas-filled lamp, has never been so 
universally adopted on the other side 
of the Channel as in this country. _ 

Fig. 5 shows the light distribution 
with a fitting of the “Deep Dome 
type with a gas-filled lamp, and it will 
be noted that this indicates a frame 
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Fig. 4. Photometric diagram showing effect of change of shape in case of vitreous enamelled 
reflectors. 


tatio of 1.25 (*) which satisfies the 
requirements of B.S.S. 232 for Disper- 
sive Reflectors, and compares satis- 
factorily with the ratios obtained in 
practice (7) with commercially avail- 
able reflectors of the S.D.R. type. 

The “Deep Dome” Reflector is, in 
addition, generally considered easier 
to manufacture, is less critical of lamp 
ilament position—which is important 
in the S.D.R. type if the upsetting of 
the light distribution due to.specular 
Teflection is to be avoided (*)—and 
usually has a lower total absorption 
due to a reduced liability for double 
Teflections to occur. 

It is suggested, therefore, that evi- 
dence exists for the more general 
Tecognition of this type of reflector as Fig. 5. 





Candle - distribution { 
The standard industrial reflector fit- * Reith F ivehee with "500-watt 


ting, in preference to the “ Disper- lamp. 20 deg. angle of cut-off. 
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sive” type, for both gas-filled and 
discharge lamps. 


(2.18.2) Local Lighting Reflectors 

As regards local lighting reflectors 
the position is even worse in practice, 
some manufacturers listing many 
miniature reflectors varying in height, 
diameter, and contour by only a few 
inches. This is considered by the 
author to be totally unnecessary and 
a waste of production effort. Some 
agreement should be reached with re- 
gard to the size of lamps for local 
bench and machine lighting and a 
simplified line produced. It would 
help maintenance if the reflectors 
were clearly marked with the size of 
a they are designed to accommo- 

ate. 

Where local lighting reflectors are 
used on adjustable brackets, the 
axis of the lamp is almost in- 
variably inclined to the vertical so 
that the inside of the reflector, at 
least, is visible to other workers in the 
vicinity. This could be overcome by 
a matt black skirt, which is relatively 
cumbersome, although it has been 
found satisfactory in practice, or by 
cutting the opening of the reflector 
on the slant on the lines of a type 
popular for the lighting of type- 
writers. The advantages due to the 
adoption of this type of reflector in 
a large assembly shop or other situa- 
tion where a number of adjustable 
bracket fittings are used has, perhaps, 
to be seen to be believed. This is due 
to the reduction in glare by the almost 
complete invisibility of the lights. 
This rarely occurs when standard 
reflectors are employed, whether or 
not they comply with the 20 per cent. 
angle of cut-off required by the Fac- 
tories (Standards of Lighting) Regu- 
lations, 1941. 


(2.18.3) Low Surface Brightness Units 
to Secure Compliance with the 
Factories Act Requirements 

It would appear that, during recent 
years, there has been little advance 
in the range of low surface brightness 
units which are available and which 
do not have a surface brightness, with 
the size of lamps specified, above the 
10 candles per sa. inch limit specified 
in clause 3(a) in the Factories 
(Standards of Lighting) Regulations, 


1941. This clause is mandatory, and 
there is no exemption in the case of 
areas where the 6-foot candle mini- 
mum is not applicable. | 

In ony instances it is found 
impracticable to shade well glass fit. 
tings, bulkheads, etc., with reflectors 
having sufficient angle of cut-off to 
comply with the Regulations. There 
is, then, no alternative but to adopt 
the use of low surface brightness 
units, and it is hoped that further 
units of this type will be available as 
soon as the glass situation becomes 
generally easier. 

Attention is however drawn to the 
fact that clear glass can be fire-glazed 
or enamelled to give a flashed-opal 
effect which is quite permanent, 
Under emergency conditions it is a 
valuable alternative to the use of the 
special pot-opal or other types of 
purely diffusing type fittings specific. 
ally designed for this service. More 
advanced types of prismatic glass 
units have also been noted. 


(2.18.4) Effect of Coiled-Coil Lamps 


The asymmetric light distribution 
due to the eccentricity of the filament 
in the coiled-coil lamp when used in 
the prismatic bulkhead and optically- 
designed reflectors is most marked. tt 
is hoped by the author that with the 
general reintroduction of this range 
of lamps some means will be found to 
bring the filament central. Other- 
wise the effect can only be partly 
overcome by the great complication 
of rotatable lampholders. 


PART Il. 
Illuminating Engineering Practice 


(3.1) THe Present PosIrion OF THE 
ILLUMINATING ENGINEER 


Having dealt at some length with 
the practical aspect of the equipment 
which has been available during 
recent years it will perhaps be fruit- 
ful to consider what the illuminating 
engineer has in the meantime been 
doing, and how his status stands at 
the present time amongst professional 


engineers. 
(3.1.1) Scope 


It is important that the engineer 
dealing with the illuminating prob- 
lems of a particular installation 
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should know exactly how far he is 
responsible both in respect of his 
recommendation and for collecting 
necessary data. He should also in 
every case know how far he is de- 

ndent upon other advisers, and also 
to what extent his work will affect 
others. 


(3.1.2) Co-operation With Other 
Engineers and Advisers 


All these questions should be 
clearly settled at an early stage, and 
a high degree of collaboration ensured 
between the owner or buyer, produc- 
tion engineer responsible for the 
operation of the factory concerned, 
the architect and/or constructional 
engineer, and the electrical con- 
tractor. : ; 

In the foregoing the electrical con- 
tractor has been mentioned, as in 
practice his advice is pomently 
sought. Under the National Industrial 
Electric Lighting Service, sponsored 
during the war years by the Joint 
Lighting Committee, the electrical 
contracting industry gave gratis much 
valuable advice in respect of the 
electrical side. of lighting installa- 
tions where no consulting engineer 
was available. 

It should, however, not be over- 
looked that the scope of the illuminat- 
ing engineer does not necessarily end 
with the installation side, on which 
he should have an advanced practical 
knowledge, so that he may not set an 
unnecessarily costly task fer the elec- 
trical installation engineer. He should, 
however, also consider the question of 
the decoration and the finish of sur- 
Toundings, including machine tools, 
etc. To do this he should be provided 
by the architect or consultant, from 
whom he is receiving his instructions, 
with full particulars of the proposed 
decorations. 

Moreover, the lighting adviser is 
frequently able to give much sound 
advice in these directions. This mat- 
ter is dealt with further in a later 
section of the paper. 


(3.2) LicHTING PLANNED FOR SPECIFIC 
Propuction Lay-Out 
Lighting requirements vary to a far 
poster extent. than would appear 
m an examination of the statistics 
derived from a typical batch of speci- 


fications for, say, 100 different modern 
factories. 

It appears that the main claim of 
many lighting recommendations is 
that almost any change in production 
lay-out can be made without the 
necessity of altering the position of 
the lamps. 

This versatility is not claimed by 
the designers of the ventilating, 
power, and water services—although 
steps have been taken in this direc- 
tion with, for example, the overhead 
busbar system. So why should the 
illuminating engineer always by 
custom be expected to make such an 
undertaking? In many instances it is 
far more important to arrange the 
position of the lights relative to the 
machines and workpeople, rather 
than to jeopardise the present lighting 
results for the sake of possible future 
alteration in lay-out, which may 
never come to pass. 

It is suggested, therefore, that 
where future changes in lay-out are 
already under consideration the light- 
ing engineer should indicate alterna- 
tive positions, which can be wired by 
the installation engineer as “blind 
outlets,” so that a change can be con- 
veniently made later. 


(3.3) Errect OF CHANGE OF PLANT 
Lay-Out 

The author appreciates that this 
vexed question of “General v. 
Planned Lighting” is a contentious 
one for which no general answer can 
be given. The many factors involved 
have been recently summarised all 
together for perhaps the first time by 
Ackerley (*), and before an opinion 
can be given in any particular case it 
is necessary to have a clear mental 
picture of all that is likely to be 
required of an installation. 

Therefore, it is only fair to record 
that the other extreme can be reached, 
and installations originally planned in 
great detail for a particular produc- 
tion lay-out have been found to be 
entirely out of date by the time the 
inspections were made, due to drastic 
changes in production lay-out subse- 
quent to the instruction of the lighting 
advisers. 

It thas been claimed that such 
examples, which were certainly met 
during war-years, make a strong case 
for true “General Lighting,” but in 
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the author’s view it emphasises the 
necessity of having all possible factors 
available for consideration before 
making an appreciation of the situa- 
tion and deciding on the best solution 
in the matter of the system to be 
employed for lighting. 


(3.4) EXPERIENCE WITH I.E.S. CopE oF 
ILLUMINATION INTENSITIES 


Experience during the war years 
with the I.E.S. Code values as then 
recommended ('°) has been most 
satisfactory, particularly in respect 
of the engineering applications for 
which the illumination standards of 
8 and 12 foot-candles are recom- 
mended. It has been found in prac- 
tice that these covered the majority 
of normal visual tasks and formed a 
most valuable basis for the standard- 
isation of the requirements of 
Government departments. Without 
such an impartial criterion much 
confusion might have arisen over the 
promulgation of certain Statutory 
Orders, some of which are still in 
operation. 

It is, however, beyond the scope of 
a paper of this character to deal with 
specific applications where experi- 
ence has shown that modifications. or 
additions to the range of values speci- 
fied in the original code were desir- 
able. This has been dealt with fully 
in the Transactions of the meeting 
when the code was presented for the 
approval of the Society (''). 


(3.4.1) Local Lighting 


The writer does,- however, desire to 
draw. attention to the present 
apparent loose use of the recom- 
mendations “8 (or more) foot-candles 
plus local lighting.” frequently seen 
in illumination specifications. 

In a large works the total load due 
to local lighting can be considerable, 
and in the interests of fuel economy 
and reduction of excessive heat in 
the faces of bench workers it is con- 
sidered important that adequate but 
not excessive local lighting should be 
employed and a definite technique 
laid down to provide local lighting of 
a specified intensity. ; 

Lamps of wattages of 12 to 150 have 
been noted in use for local lighting, 
and those responsible appear to have 


little idea of the actual illumination 
ae with any particular com 
ination. 

It is, therefore, suggested that the 
illumination intensity required in any 
given instance should be specified 
with an indication as to whether this 
should be provided by general or local 
lighting. .Where a combination of 
both is required a separate recom- 
mendation should be made for the 
latter and a minimum value definitely 
given. 

Suitable values will be found in 
the (present) ILE.S. Code (?*), which 
it should be noted now specifically 
refers to the recommended values of 
illumination as_ those _— considered 
necessary on the “objects of special 
regard,” and need not (and in some 
cases should not) be the general level 
of illumination. 

Unless the local illumination value 
is specified there is likely to be a con- 
tinuation of installations which have 
been noted where the “8 foot-candle 
plus local lighting” clause in the 
specification for the works has been 
fulfilled only in letter and not in 
spirit. That is to say the local light- 
ing equipment is merely installed to 
overcome difficulties such as lack of 
convenient positions for suspension 
or shadows due to obstructions, and 
the size and number of lamps in- 
stalled is only sufficient to provide an 
illumination of the code value of 
8 foot-candles. Records of installa- 
tions inspected show that not in- 
frequently this has resulted in en- 
tirely inadequate local lighting. 


(3.4.2) Local—General Contrast Ratio 


The example mentioned in ‘the 
previous paragraph is not, of course, 
limited only to the 8 foot-candle 
standard, but it is also true to state 
that instances have been met where 
the local lighting has been limited, in 
order to keep down the ratio between 
its intensity and that of the general 
lighting, to within the low arith 
metical ratio commonly adopted in 
the past and for no other reason. ~ 

It is hoped, therefore, that general 
appreciations of the recommended 
geometrical relationship between 
local and general lighting in the new 
LE.S. Code of practice will result in 
a more intelligent and freer use of 
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adequate intensities of local 


flumination. 


. (3.5) Errect or SURROUNDINGS 


It is the writer’s firm belief that the 
provision of harmonious surroundings 
is a most valuable aid in maintain- 
ing the moral of workers and in the 
reduction of absenteeism. The Chief 
Inspector of Factories reported 
favourably on the matter in 1942 (3°). 

One can well appreciate that the 
mere thought of a return to dismal, 
untidy and dirty surroundings at the 
crack of dawn on Monday may be 
sufficient to form the last straw when 








it comes to deciding on the Sunday 
night if the out-of-sorts worker shall 
return to his bench or not on the 
following morning for a further week 
of toil. 

How different it is if he has to look 
forward to bright, cheerful surround- 
ings, which may in some cases be 
even more pleasing than those of the 
home or billet.in which a weary wet 
week-end has been passed. 

It is not necessary to: provide a 
dance-hall atmosphere, a futuristic 
salon or gallery of landscape views, 
but obviously the picking out in 
colour of salient pleasing architec- 
tural features in the building or con- 














An industrial interior before and after re-decorating with 
a light waterproof cement paint. 
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struction, or disguising them if 
unsightly, together with a service- 
able painting of the walls in a suit- 
able colour, represent happy means 
of improving the general atmosphere 
of a factory. Such work, however, is 
useless unless the lighting is right. 

If opaque reflectors are hung low, 
giving a heavy tunnel effect, the 
appearance may be generally spoilt, 
and it is therefore important that the 
illuminating engineer should  co- 
operate in providing general lighting, 
with sufficient upward and sideways 
illumination of the walls to obtain the 
most harmonious effect, and that 
clean, bright appearance which 
counts so much towards providing an 
= but harmonious atmosphere 
Decorative schemes need not be 
limited to the entirely artistic and 
non-utilitarian, and the modern prac- 
tice of picking-out service pipes for 
gas, water, air, electricity, etc., in dis- 
tinguishing colours can be pleasing as 
well as extremely helpful in mainten- 
ance and fault une | 

As regards the machines themselves, 
the improvements due to finishing 
machine tools a light cream colour 
has to be seen to be believed. This 
again should not be regarded as just 
a fad, as it is far easier to clean down 
light-coloured machines which will 
have far less_ strongl marked 
shadows in the unavoidable crevices, 
ete. Further, every engineer will 
appreciate how it is important that 
works people should be encouraged to 
clean down their machines regularly, 
as in so doing loose bolts, etc., can be 
detected and reported before serious 
trouble develops. 

A code of practice for industrial 
decoration with special reference to 
light reflection properties has been 
adopted by the Department of Labour 
and National Service, Australia. 
Benefits directly ascribed to the 
adoption of the code are already 
reported ('*). 


(3.6) UTmisaTION EFFICIENCY 
(34) (7*) (**) 

Experience in checking large 
numbers of schemes installed to speci- 
fication, after their completion, goes 
to show that the utilisation constant 
ommres by the specifying engineer 
is frequently optimistic, and the pre- 


dicted illumination has not been 
obtained. Little research has been 
published on this subject in this coun- 
try for some time, and statements 
based upon statistical evidence of 
entirely separate installations are 
liable to be misleading. ~ 

It is suggested that this important 
basic research is one which would 
well lend itself to investigation by an 
independent non-commercial body, 
and in this connection the author 
would like to put forward the plea 
that this and other lighting problems 
might form profitable avenues for 
post-graduate research in the uni- 
versities and technical institutions, 
Valuable contributions to the science 
of illumination have been made by 
educational institutions on the Con- 
tinent and across the Atlantic, but the 
writer is not aware of any similar 
sa being carried out in this coun- 
ry. 

In view of the great interest being 
taken by this Society in the educa- 
tional aspect of illuminating engineer- 
ing and kindred subjects, the sug- 
gestion is put forward for considera- 
tion by the Society, and particularly 
the committees oe by our 
Council to deal with the educational 
and research activities, as a means of 
encouraging still further the increas- 
ing but still definitely inadequate 
response amongst students with the 
right physical and mathematical 
knowledge. 

It would appear to be not beyond 
the bounds o posenity to devise an 
instrument which would give esti- 
mates of the probable utilisation con- 
stant by measuring the illumination 
from the walls, ceiling, and surround- 
ings generally from a single test lamp 
specially positioned and not allowed 
to contribute directly to the illumina- 
tion tested. 


(3.7) DEPRECIATION ALLOWANCE 


There would appear to be a definite 
need for further independent research 
of the allowances to be made for the 
depreciation of present day lamps 
of the various types, and also for the 
falling off in efficiency of the reflec- 
tors employed under the action of 
dust. 

During the war years there was 4 
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tendency to allow for modifications 
which experience had shown neces- 
sary to the depreciation allowance by 
gsmmewhat arbitrarily modifying the 
overall utilisation constant. 

This practice the author considers 
to be unsound and confusing, especi- 
ally when it comes to considering 
competitive ténders submitted on a 
performance basis and providing a 
satisfactory balance between first 
cost and expenditure to be authorised 
on maintenance. 


(3.8) ATMOSPHERIC POLLUTION 


The author has been pleased to note 
that greater attention has been given 
to the factor during recent years, and 
Ackerley (*) has recently emphasised 
the desirability of making a separate 
correction for this factor. There 
appears to be no authoritative indica- 
tion of even the order of the figures 
for general application to industrial 
lighting to allow for the effects of 
polluted atmospheres, and here again 
afruitful line of research is awaiting 
further investigation (2). 


(3.9) Review or LIGHTING PRacTICE— 
PresENT Day DEVELOPMENTS 


It is perhaps again to the credit of 
the illuminating engineer that upon 
reviewing a large number of artificial 
lighting schemes put into effect 
during the war years few stand 
out as instances where the application 
of normal meth was insufficient. 

The author is confident that, while 
there will doubtless be a steady trend 
of development in lighting technique 
as new lamps become available, the 
present state of the art is more than 
sufficient to keep pace with new light- 
ing problems as they arise with the 
advance of time. 

In spite of this age being hailed as 
the approaching epoch of utilisation 
for peaceful purposes of nuclear 
i it is improbable that there 
will be any radical departures in 
lighting methods for some time to 
come, and it appears therefore to be 
quite unwarranted to hold back from 
industry, on the score of waiting for 
something better to turn up, the 
benefits immediately to be derived 

the proper application of present 
day lighting equipment. 


INDUSTRIAL LIGHTING 


(3.10) A.R.P. LiGHTING 


While this may not be the occasion 

for any detailed review to be given 
of restricted (A.R.P.) lighting under 
war-time (P.A.D.) Regulations, this 
review of war-time lighting would be 
incomplete if no mention were made 
of this valuable contribution given to 
the war effort by the illumination 
industry. 
- Time may have been on our side 
in certain years, but it is difficult to 
see how the “Mulberry” prefrabri- 
cated harbour and other engineering 
projects could ever have been finished 
in time if it had not been for the 
application of the knowledge of the 
illuminating engineer. He quickly 
developed a technique of lighting 
sufficient for safe working conditions 
throughout that momentous winter of 
1944-5 without at the same time dis- 
closing to enemy air observers all 
that was happening. 

Perhaps those of us who lived and 
worked within the “V” weapon 
dropping zone may never fully realise 
all that we owe to those who were 
responsible for this special “ Restric- 
ted Lighting for Production” and, 
moreover, had sufficient courage and 
faith in their knowledge to arrange 
for its installation. By their work 
they undoubtedly advanced the date 
of “ D-day ” and the putting to an end 
of the “V” weapon attacks. 

One valuable lesson in lighting 
technique to be learnt from this 
A.R.P. lighting is the remarkable 
visibility which can be obtained if 
every possible precaution is taken to 
obviate glare and really uniform 
illumination is provided. 

It is hoped that this will be remem- 
bered when external lighting to 
normal standards can again be 
employed. 

It is far better to aim at the pro- 
vision of an even 0.2 foot-candle, pro- 
vided by a sufficient number of cut- 
off reflectors, than to provide a more 
spectacular installation of isolated 
lanterns more suitable for normal 
street lighting or of floodlights really 
intended for the purpose their name 
implies. With either of the latter 
systems it may be difficult to obviate 
glaring conditions which may give 
rise to dangerous “blind spots” at 
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least in certain positions. This may 
be of serious import in such installa- 
tions as docks. 

This personal experience is con- 
firmed in the Annual Report of the 
ane Inspector of Factories for 1944 


(3.11) INTERIOR INDUSTRIAL LIGHTING 

There appears to be little to report 
in the way of definite developments 
of new methods, but the author can 
recall certain special arrangements 
which were devised to deal with pecu- 
liar industrial problems met in parti- 
cular production plants, but these are 

enerally so specialised as to be of 
imited interest only and better in- 

corporated in papers which will 
doubtless be presented on lighting in 
specific industries. 

It is interesting to record, however, 
that attention was very forcibly 
drawn to the existence of fields of 
lighting work where the exclusion or 
restriction of light was an advantage. 
In these instances the controlled 
lighting provided artificially gave con- 
ditions of visibility which were fre- 
yer better than those provided by 

aylight and almost certainly more 
uniform, the latter an important de- 
sideratum when inspection is in- 
volved. 


(3.11.1) Lighting of Transparent 
Articles 

Such instances as referred to above 
include the examination of small 
transparent or highly polished 
articles. In the former category are 
included such problems as the inspec- 
tion, assembly, piercing, etc., of cellu- 
loid articles. 

At one stage of the manufacture 
these containers, similar in shape to 
a test tube, had to be accurately 
= in the centre of the rounded 
end. 

The containers were formed on 
highly polished formers, which had a 
small pilot hole in the end, and the 
operator had to push unerringly a 
pricker through the celluloid into the 
guide hole. 

This was found to be a most awk- 
ward operation to see clearly without 
strain. 

The best conditions of visibility 
were obtained by employing a rela- 
tively low level of general lighting 
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over the work benches and observin 
the virtual image formed (in the an 
of the former or mandril) on an illu. 
minated screen behind and above the 
work bench. The bright patch of 
specular reflection thus formed clearly 
. gares up the position of the pilot 
ole. 

The arrangement adopted is shown 
in Fig. 7. It will be noted that the 
cowling formed on _ the canopy 
screened the lighting units (flame. 
proof lanterns at 2 ft. centres) so that 
no direct light fell on the celluloid 
tubes which were held in forward in- 
clined stands as shown. 

A later operation. consisted of a 
general examination of the empty 
capsules and sealing-off the pin-holes 
made earlier. 

To do this satisfactorily it was 
found to be preferable to use a more 
direct lighting arrangement and it was 
not necessary to employ so large a 
light radiating area. 

The scheme adopted consisted of an 
80-watt 5-ft. tubular fluorescent lamp 
enclosed in a flameproof trough fitting 























Fig. 7. Luminous background lighting 
arrangement for the piercing of transparert 
objects. 
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with a diffusing screen of flashed opal 
supported in a frame some 4 in. in 
front of the clear glass panels in the 
h. This eliminated shadows 
cast by the cross members in the front 
of the flameproof lighting unit and did 
not appreciably affect the surface tem- 
perature of the latter by interfering 
with the flow of air around it. 
The arrangement is shown in Fig. 
8 and the more “direct” lighting 
effect thus provided emphasised the 





Fig. 8. Artificial window for the exami- 
nation of transparent objects. 


shadows cast by the edges of the holes 
and disclosed faults which were 
otherwise nearly invisible in the 
almost perfectly transparent material, 


(311.2) Lighting of Highly Polished 
Articles 

The use of artificial windows to pro- 
vide test images for the inspection of 
large polished metal sheets has long 
been generally known, but the appli- 
cation of this method for the examina- 
tion of such small items as ball and 
roller bearings appears to be a later 
development. 

With this system the balls, for in- 
stance, are not directly illuminated, 
but are caused to run down a channel 
guide immediately adjacent to a 
softly illuminated “ artificial window.” 
The inspector then observed the purity 
of the image of the window in the 
balls as they rolled past. 


(3.12) ItLumMINATED MAGNIFIERS 
Dr. Wright has already confirmed 
4) the advantage to be derived from 
use of strong “ positive ” prismatic 
spectacles of the correct “strength” 
to suit the eyesight of the user by de- 
easing the minimum distance of com- 
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fortable vision and reducing the strain 
of convergence of the eyes. This en- 
ables fine detail to be resolved with 
minimum fatigue. 

It has been noticed, however, that 
there has been an increasing use of 
the illuminated magnifier (so named 
for want of a better generic descrip- 
tive name for such devices). 

The instrument consists of a single 
large magnifying lens or a binocular 
pair held in a frame over a small desk 
which is illuminated by concealed 
means to a high intensity. 

Such an arrangement can be a great 
help for the examination or gauging 
of small machined articles, and by 
leaving both hands free considerable 
savings in time can be effected. 

It will be noted also that time is not 
lost by perpetual adjustments of the 
reflector, which so often occurs when a 
simple bracket is employed, and there 
is no danger of a sudden glaring flash 
of light to pass into the eyes of the 
user, due to a maladjusted flexible 
lighting bracket, just as he approaches 
the light to make a most critical obser- 
vation calling for the utmost visual 
acuity. 

Developments on these lines will 
doubtless be watched with interest in 
the future. 


(3.13) FLUORESCENT ELECTRIC DISCHARGE 
LIGHTING 
It is perhaps unfortunate that this 
relatively new form of lighting 
should have had to pass through its 
initial development stage in this 
country under war-time conditions 
with the attendant supply difficulties 
and necessary control regulations. 
steady improvement in the 
design and construction of the lamps, 
ballasts, and fittings has, however, 
been noted and further new sizes and 
types are already becoming available 
incorporating the experience gained. 
Great reduction in the rate of de- 
preciation of the lamps has already 
been noted together with a great 
reduction of the noise level of the 
chokes. It is hoped, however, that 
further attention will be paid to the 
latter aspect which under many con- 
ditions is even more important than 
the actual overall electrical efficiency. 
Further steps in the standardisa- 
tions of fixing centres, etc., and reduc- 
tion of the size of the control units. 
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would be of great assistance to the 
electrical engineer planning to make 
new applications of this form of 
lighting. The question of size is, 
however, bound up with electrical 
considerations, for further details of 
which reference should be made to 
the paper ('5) read before the Society 
in 1944 by Maxtead and Hull. 

It has been noted, however, that the 
efforts of the lamp and ballast de- 
signer have on occasion been partly 
spoiled by the use of unsatisfactory 
fittings which tend to give rise to 
hum under the action of leakage 
flux from the coils or by acting 
as sounding boards. This effect 
has also been traced to  unsatis- 
facto control boxes and covers, 
and also even to the internal wiring, 
sometimes left to the installing con- 
tractor. This is an effect well known 
to electric fire manufacturers and 
long since overcome. 

It is important also that the wiring 
should be heat resisting, but the in- 
sulant should be one which is not 
hygroscopic and gives a good elec- 
trical test when cold after a lon 
period in store or in situ but unused. 

Types of fittings which leave the 
starter switch visible and thus in- 
dicate at a glance if this or the lamp 
is at fault when non-striking occurs 
appear to be an advantage. 


(3.14) Use or Piastics 


The recent trend to adopt plastics 
pene for the 4 and 5-foot lamp 

as much to recommend it in prefer- 
ence to glass or open top fittings, but 
it is important that the material in 
addition to remaining undistorted 
should resist the scratching action of 
dust during cleaning and maintain its 
colour. 

Attention is also drawn to the fact 
that transluscent material incor- 
porated in lighting fittings should 
always be of a type giving diffusion 
over the whole spectrum. Samples 
have been noted where plastic 
material has been wanting in this 
respect, and an effect given similar to 
that obtained with the earlier types 
of milky glass which allowed the 
filaments to be seen as a sharply de- 
fined red-hot wire. It will be recol- 
lected that this is an effect bound up 
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with the size of the diffusing particles 
in the opalescent medium. 


(3.15) LicHTING or Hot WORKING AREag 
IN THE STEEL AND IRON INDUSTRIES 


Much difference of opinion appears 
to be prevalent over the vexed 
question of the proper illumination of 
hot-working areas in steel and iron 
making, and also in engineering such 
as locomotive making, where metal is 
actually worked at a_ luminous 
temperature. 

Regarded from certain aspects, it is 
perhaps unfortunate that the areas 
mentioned in the preceding para- 
graphs are listed under the general 
exemptions in the Factories 
ama of Lighting) Regulations, 


The above exemption tends to 
bolster the belief still held +f certain 
engineers that artificial lighting of 
any reasonable intensity will upset 
the workers’ estimation of tempera- 
ture, which is still frequently the 
method employed for judging when a 
piece of metal is ready for working, 
and how long such operations as 
swaging may be continued as the 
metal cools. 

In so far as the author has been 
advised and his experience takes 
him, it would appear to be quite an 
anachronism to depend upon such 
crude methods for what may be a 
crucial condition for the maintenance 
of proper manufacturing conditions 
for optimum output, strength, and 
quality of results, not forgetting the 
importance of working temperature 
or size of crystal growth in many 
cases. 

It is believed that the level of 
illumination otherwise likely to be 
adopted at the present time by the 
heavy industries for this class of work 
is negligible in its effect on_tempera- 
ture discrimination by simple inspec- 
tion, and in any case much less t 
the effects which might be caused by 
variations in daylight. 

It is further contended (*") that 
the advantage due to the provision of 
normal and adequate illumination 
over all hot-working areas, which will 
reduce accidents and permit move- 
ment of men and materials to be 
speeded up, is well worth the capital 
outlay involved. It is, in fact, un- 
doubtedly true that better returns in 
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increased output will be obtained in 
ctice from the proper illumination 
of the production areas in, say, a steel 
works than by improvements in 
lighting over storage and other cold- 
working areas. And yet frequently 
itis only the latter areas, coming as 
they do within clause 2 (a) of the 
already mentioned Regulations, which 
receive proper attention. 

These views have been further con- 
firmed by a series of experiments in a 
drop-forging establishment engaged 
on the production of the highest 
quality steel forgings under elaborate 
laboratory control. 
(3.15.1) Permissible 

Variations 

In the first eNO it is important to 
realise the tolerances permissible in 
hot steel forging. 

Table 1 below- gives examples of 
working temperatures. 


Temperature 

















TABLE 1. 
Hor 
CoLp 
DESCRIPTION Limit eee 
(deg. C.) Cy 
Mild Steel (case harden- 

A 345, 046 ase. > svet/:t GOM 1300 
35/45 Carbon Steel 850 1250 
40/50, 9 850 1200 
Stainless steel ra eo 1200 
Chrome Vanadium steel... , 950 1150 











From the above it can be seen that 
the temperature specification is within 
steps of 50 deg. C., both hot and cold, 
but as the figures given are them- 
selves limits it follows that the appre- 
tiation of temperature must actually 
be within a considerably closer toler- 
ance than 50 deg. C. 

_To attempt to work below the cold 
limit may result in broken tools and 
certainly faulty forgings. If the 
metal is baked above the permissible 
temperature the crystal structure may 
be upset and weak forgings result. 

Fig. 9 shows the crystal growth in 
over-heated — of steel as com- 
pared with that in samples given the 
correct heat treatment. 


(315.2) Accuracy of Temperature 

eciation by Simple Inspection 
Tests 

A series of tests were taken in 

which selected expert craftsmen were 
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asked to estimate the temperatures of 
heated billets while these were 
allowed to cool. At the same time 
the actual temperatures were secretly 
measured by pyrometer and the true 
temperature was recorded at the 
moment verbal estimate was given of 
temperature. 

These tests were conducted under 
(a) normal daylight (approx. 2.5 foot- 
candles) and (b) with added artificial 
lighting to bring the illumination up 





Fig. 9. Micro-photographs of steel samples. 


(A) As forged: showing massive grains of 
segregated Pearlite in Ferrite matrix 


(X 100). 

(B) Normalised: fine grained Pearlite/ 
Ferrite structure (< 100). 

(C) Burnt: cracking has occurred and oxide 
is included between the crystal grains 


(X 100). 
(D) Overheated: etched sample showing 
dark lines indicating grain size (X 500). 


to approximately 14.5 foot-candles. 
That is to say the test was to deter- 
mine the effect of the application of 
the 12 foot-candle standard of light- 
ing. 

Typical results obtained are shown 
plotted in Fig. 10. 

It was found, of course, that temper- 
ature estimates varied in their 
accuracy over a very wide range, and 
at first sight the tests appeared rather 
inconclusive, but closer examination 
of the results showed that there was 
a kind of order amongst the readings 
which ranged roughly from poor esti- 
mates (curve (c)) to really remark- 
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Fig. 10. Relation between estimated and 
‘true’ temperature of steel billets under 
two levels of illumination. 


Curve A. Good estimate under 14.5 foot- 
candles illumination. 

Curve B. Good estimate under 2.5 foot- 
candles illumination. 

Curve C. Poor estimate under 2.5 foot- 
candles. illumination. 


able appreciations such as given by 
curve (A). In the diagram the curves 
B and C show temperature estimates 
with 2.5 foot-candles illumination and 
the curve A an example of a trial 
with 14.5 foot-candles. 

For 100 per cent. correct estimates 
the plottings would of course all lie 
along the straight line aa’ passing 
through the origin. The line bb’ and 
b” b” are added to indicate the 50 
deg. C temperature band. 

An examination of the results indi- 
cated by Fig. 10 shows that with 
really expert craftsmen remarkable 
estimation of temperature is possible 
and that this ability is not prevented 
by the employment of 12 foot-candles 
general illuminations, which was the 
contention made in section (3.15) 
above. 

It will, however, also be noted that 
in any event this natural skill to esti- 
mate temperature is not apparentl 
within the tolerances necessary for all 
classes of work. 

The statements in the preceding 
paragraphs might be considered suffi- 
cient conclusions derived from the 
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series of experiments, but it wa 
noticed that the increase in illuming 
tion did not have the effect of redug 
ing the apparent colour-temperatur 
of the hot metal as had been predicted 
by sceptics. On the contrary, ther 
was a tendency for the visual esti 
mates of temperature with the highe 
illumination to require a negative 
correction factor. 


(3.15.3) Effect of Illumination 
Optical Pyrometer 

To investigate the above-mentiona 
effect it was necessary to check if the 
optical pyrometer used for the 
“true” temperature reading was 
affected by increasing illumination. 

Further experiments were 
made and it was found, as indicate 
by the results shown in Fig. 11, that 
the disappearing-filament pyrometer 
used did tend to give higher tempere 
ture readings when the illumination 
was increased by 12 foot-candles. 
_In this diagram the full line plot 
ting shows the readings obtained 
with the pyrometer at the low level 
of illumination plotted against indi- 
cations with a platinum: platinum 
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800 900 1000 
THERMO-COUPLE READING (°C) . 


Fig. 11. Effect of illumination on reading 
of optical pyrometer and brightness phot 
meter (steel billets). 


Relation between optical pyrometer and 
thermo-couple readings— 
under 2.5 foot-candles—curve A. 
under 14.5 foot-candles—curve B. 
Relation between apparent brightness and 
thermo-couple a 
under 2.5 foot-candles—curve C. 
under 14.5 foot-candles—curve D. 





RELATIVE BRIGHTNESS READING ~— 


Fig. 12 
brightne 








thodium couple. Results with the 
higher value of illumination are 
shown by the dotted line. 

The apparent error indicating the 
need of a constant application of a 
negative correction factor is not im- 
t as this may be accounted for 
by zero setting and difference in the 
fmperature of the actual spot 
observed with the pyrometer from 
that in contact with the couple. 

It will be noted, however, that in- 
qeasing the illumination can result 
inerrors up to some 20 deg. C. 

The shape of the curves mentioned 
above in Fig. 11 is presumably ex- 
plained by the phenomenon of re- 
calescence and, to check this, simul- 
taneous brightness measurements 
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Fig. 12. Relation between apparent 

brightness and temperature measured by 

thermo-couple for two levels of illumi- 
nation. 
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were taken with a direct reading 
photometer. (Curves C. and D.) 


(3.15.4) Effect of Illumination on 
Photometer Readings 


It is noted, however, that the curves 
last-mentioned above again tended to 
diverge, and this led to a further 
series of experiments in which a 
metal sample, in the form of a strip 
of steel, was electrically heated by a 
welding transformer. Fig. 12 shows 
the result of these observations, 
and it will be noted that bearing in 
mind that the curve is plotted to 
logarithmic ordinates on the y axis, 
there is a steady divergence in the 
apparent brightness sensations attri- 
buted by the observer to the stimuli 
given by the sample exhibited under 
two levels of illumination. 

In other words, the brightness sen- 
sation given by a constant illumina- 
tion of approximately 12 foot-candles 
tended to rise as the temperature of 
the metal increased. This is sum- 
marised by Table 2. The column 
Binc , is the difference between values 
of B, and B,, which are the relative 
Dineninass readings under the low 
and high illumination respectively. 











TABLE 2. 
APPARENT 
BRIGHTNESS Apparent 
(den. 6 ) Reflectivity 
i B, By | Bing (per cent) 
Black 0.6 3.5 2.9 17 
800 3.8 4.2 0.4 2.3 
850 10 11.5 1.5 8.8 
875 16 19 3 17 
900 26 30 4 23 
925 43 49 6 35 























In endeavouring to give an explana- 
tion for the apparent increase in 
brightness sensation persistently 
recorded by the photometer operator 
the author is forced to the conclusion 
that an explanation may be that the 
reflectivity actually increases as the 
luminescence of the metal increases. 

The photometer readings were 
record in relative foot-candles. 
Zero-setting and photometric balance 
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TEMPERATURE (°C) 


Fig. 13. Relation between reflectivity and 
temperature of incandescent steel strip. 


errors largely cancel out if calcula- 
tions of on reflectivity are 
made from B;,, (which represents 
an illumination of 12 foot-candles). 

This has been done as given in the 
fifth column of Table 2. 

If this argument is correct the re- 
flectivity index te gw falls as the 
metal is first heated, but then steadily 
rises. 

Fig. 13 shows the apparent rela- 
tion thus formed between the reflec- 
tivity and temperature, and it would 
appear that this plotting can be 
truly referred to as curve. 

It is hoped that the occasion will 
arrive for this effect to be investi- 
gated further, under laboratory con- 
ditions, with perhaps greater pre- 
cautions in respect of temperature 
measurements. 


(3.15.5) Conclusions: Effect of Level 
of Illumination on Temperature 
Judgment 


Referring again to the practical 
case of visual temperature estimates 
of the heated billets lying in the open 
shop, the reflectivity of the “earth” 
floor and general surroundings in a 
steel works is so low that the general 
field brightness around a sample 
billet under observation must also be 
low, and any appreciable change in 
contrast effect, due to increased 
illumination, can be discounted. 

It appears, therefore, that the 
temperature appreciation by —_ 
inspection is by the application of a 


complex mental standard based qm 
colour and absolute brightness. 

Returning now to the experimenty 
work described in this section of th 
present paper, it follows that the» 
quantitative tests do confirm tha 
the use of reasonable illuminati, 
does not seriously interfere with th 
visual estimation of temperature 
Further, it appears that such sligh 
effect as the illumination does hae 
is to cause a tendency for the 
observer to attribute a higher rather 
than a lower value of temperature 
with increased illumination over the 
range of temperatures considere 
(700-1,000 deg. C.). 


(3.16) MAINTENANCE OF LIGHTING 
INSTALLATIONS 


No negotiations with regard to the 
installation of a new lighting installa. 
tion should be regarded as complete 
until some definite arrangements 
have been made in regard to regula 
servicing. Physical depreciation 
starts from the moment the lighting 
units are installed—even before they 
are put into use—and it is most uw. 
sound to postpone detailed considere 
tion of what to do about maintenance 
until some time in the future when 
bad lighting effects make themselves 
painfuly obvious. 

The author must report that, from 
his war-time experience of the 
examination of reports and personal 
inspection of many large and small 
installations of industrial lighting 
maintenance is, on the whole, very 
poor indeed. 


_This applies not only to installa 
tions which have been in service for 
some years, but also to new systems, 
many of which were found on com- 
pletion tests to be in such a poor state 
that little or no improvement was 
shown over the original lighting 
conditions. 

It is fully appreciated that during 
the war years—and it still appears to 
hold true—great difficulty SS been 
experienced in providing the labour. 
This is, however, no excuse, merely 2 
partial explanation, and it is felt that 
the importance of effective mainter- 
ance service is not fully appreciated 
by many works managements nor by 
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certain Government departments 
concerned in the allocation of labour. 

It is definitely in the national 
jnterest, on the score of promoting 

uction efficiency and also that ot 
conserving fuel and power, to ensure 
that no unnecessary lights are main- 
tained in use over non-production 
areas or outside working hours. It is 
equally essential to make certain that 
the lights retained do operate at their 
maximum efficiency, otherwise there 
is always the certainty that illumina- 
tion will fall off with consequent re- 
duction in production; followed by 
requests for more points or larger 
lamps when actually what is required 
js maintenance of the _ existing 
equipment. 

In drawing up plans for proper 
maintenance it is valuable, especially 
when dealing with the matter from 
the general management aspect, if an 
estimate can be given of the minimum 
burning hours. Otherwise it is diffi- 
qult to get the general question of 
lamp replacement into its proper 

ctive. 

For lowest maintenance cost per 
lamp it is advisable to relamp on the 
block replacement system, but the 
cleaning schedule should be drawn up 
separately from practical knowledge 
of the particular installation. 

The author has noted that fre- 
quently in works there is little appre- 
ciation of the hours which lamps do 
ed particularly when a single 

ift programme is worked. Rough 
estimates without proper basis can be 
very misleading. 





(8.16.1) Burning Hours for Industrial 
Lighting 
A useful table giving hours of 


e fort lighting in a year is published by 
lems, Electric Lamp Manufacturers’ 
com | Association (2°). 
state 
ow (3.16.2) Maintenance Contracts 
ting _In view of the importance of ensur- 
._ | mg that lighting maintenance is 
uring} carried out to a definite regular pro- 
rs {0} gramme in these times of labour diffi- 
beet} ulties, especially in so far as works 
bout.} are concerned, it is desired to draw 
ely} special attention to the increasing 
t that} practice of letting this work to con- 
ntet-} tractors who are able to specialise in 
* this direction. 
or 


st satisfactory experience has 
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been noted in this practice during the 
war years, and it is clear that it has 
much to recommend it. 

Not only does sub-letting mainten- 
ance under contract ensure that the 
work is not liable to be interrupted 
by the calls for alterations and plant 
breakdowns, but it enables the 
management to have in advance at 
least a close estimate of the annual 
charge so that they can budget 
accordingly. 


(3.16.3) Maintenance Programmes 


However the labour question is 
handled a definite programme is 
essential, and the following scheme is 
therefore put forward for considera- 
tien. In the first place simplicity of 
working and record keeping is 
essential. More elaborate methods 
have been suggested from time to 
time (7°), but it is believed that all 
that is required in respect of paper 
work is the usual bookkeeping 
analysis of labour, lamp, and other 
material costs drawn up from work 
sheets (Fig. 14) completed by fore- 
man of maintenance staff on the job 
and a set of rota sheets. 


The programme of working is most 
simply recorded on site plans, which 
should be — up to date from in- 
formation taken from the remarks 
column of the work sheet. 

Each section is allocated a rota 
number, this being recorded on its 
appropriate rota sheet together with 
details as to number of fittings, sizes, 
and quantities of lamps and time 
allowed for cleaning and/or relamp- 
ing. This enables the appropriate 
number of lamps being available for 
the operatives and also serves as a 
check on actual labour costs. 

As a section is completed, this is 
recorded on its rota sheet, which will 


thus show at a glance the position to 
date. - 


(3.16.4) Lamp Replacements: 


Lamp replacement should be kept 
quite separate from cleaning and a 
complete block replaced as soon as 
they reach the end of their rated use- 
ful lives. This replacement should be 
made without regard to any odd 
her which may have been replaced 
in the interim as any such attempt to 
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Fig. 14. Time record sheet for lighting maintenance work. 


be so penny-wise is pound foolish in 
the long run. ; 

In between block lamp _ replace- 
ments regular inspections should be 
made and any burnt out lamps re- 
ported and replaced later. Any such 
lamps replaced can be regarded 
prima facie as premature failures and 
referred to the manufacturers. It 
will be appreciated that any such 
negotiations will be simplified if a 
bona fide block replacement scheme 
is in use. 

The man making the inspection 
should not. actually carry replace- 
ments at the time. He _ should, 
however, note any faults in or other 
complaints about the lighting or wir- 
ing installation. 

Full use of the “lightmeter” dur- 
ing this inspection is recommended as 
a means of forestalling any possible 
complaints and checking that the 
work is being properly carried out 
and the efficiency of the installation 
maintained. 


(3.16.5) Cleaning: 


_Cleaning programmes should be de- 
signed separately, based upon the 
actual needs of each section. This is 
important as it may be possible to 
allow for cleaning at six monthly in- 
tervals in offices and clean assembly 
sections with only two or three 
monthly intervals in production areas 
at a lower total annual charge than 
’ with a flat maintenance scheme of, 
say, four cleanings per year—which 
may be insufficient for the works and 
most important areas. 

In deciding on the maintenance 


schedule it is essential to know the de 
preciation allowance made in the 
original design of the installation, to 
ensure that the illumination does not 
$7) below the prescribed value (vide 


On the other hand it may not be 
economical to attempt to maintain an 
illumination nearer to the initial value 
than that prescribed by the lighting 
adviser. 

Consideration on these lines in con- 
junction with a knowledge of the cost 
of a maintenance cycle brings home 
the fact that there is a definite capital 
saving if full data are available when 
the lighting specification is drawn up. 

If proper maintenance can be as 
sured, an installation of, say, £10,000 
capital cost may be adequate to en- 
sure a certain value of illumination 
under service conditions, while an in- 
stallation costing, say, £15,000, with 
corresponding increase in current 
costs, may be necessary if a bigger 
allowance for depreciation has to be 
made by the lighting adviser. 

It should also be remembered that 
regular cleaning at relatively short 
intervals in addition to saving current 
costs may also result in a lower annual 
charge by obviating the necessity for 
completely dismantling any w 
fittings, a wiping in situ being 
that is necessary. 

This also has the further advantage 
of permitting the lamp to be cleaned 
without removal. This may have a 
big bearing on lamp life as it has been 
noted that filament breakages are 
more likely to occur due to unavoid- 
able shocks on handling lamps which 
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have burnt for a fair proportion of 
their normal rated lives. 


(4) General Conclusions: Need for 
Artificial Lighting at Present Time 


As a general note on which to end 
this review of war-time experience of 
industrial lighting it is desired to em- 
phasise that with the passing of war- 
time restrictions the need for good 
ighting in industry is not lessened. 

aybe it is increased, as it is perhaps 
one of our most valuable aids to pro- 
duction which is so necessary to en- 
able our industries to operate at the 
utmost efficiency at a time when our 
very existence at a reasonable stan- 
dard of rome may depend upon our 
maintaining the greatest possible out- 
put for export in the face of steadily 
increasing international competition. 

With the lifting of the black-out 
regulations the increased admission of 
daylight eases the problem of lighting 
considerably, but in very few factories 
working normal hours can the need 
for artificial lighting be entirely over- 
looked even with the best possible 
system of fenestration. And for what 
percentage of factories can claims be 
made for a emf good, unobstructed 
and clean natural lighting system? It 
isfrequently cheaper to instal artifical 
lighting than to modernise the exis- 
ting natural lighting arrangements. 


(41) IMPROVEMENTS TO ARTIFICIAL 
LichtING INCREASE EFFECTIVE FLOOR 


REA: 

Good artificial lighting not only in- 
creases the efficiency of output but 
enables otherwise useless floor area to 
be brought into use and remain so for 
long hours which would otherwise be 
impossible. Without efficient artificial 

ting, many times the floor area at 
present devoted to industrial uses, 
with a eines increased 
tumber of workpeople, would be 
necessary for the same output. It is 
certainly rightly said that glare-free 
illumination is an additative element 
of service in more senses than one. 


(42) OrriciaL APPRECIATION OF Im- 
PROVEMENTS TO ARTIFICIAL LIGHTING 
_ Improvements to artificial lighting 
I certain classes of factories have 
sponsored by and frequently in- 

in the welfare measures direc- 

by Government Service Depart- 
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ments. This action, making as it did 
a considerable call on material and 
labour, came in for its measure of 
criticism so dear to the heart of the 
Englishman, even in war-time. But 
statistical records of increased pro- 
duction quickly proved the value of 
good lig ting, which received full 
measure of official support as an item 
of essential national expenditure. 
The adoption of the I.E.S. code (1°) 
of illumination intensities was 
endorsed by the Select Committee on 
National Expenditure—the highest 
—, for such matters in the land 


It will be recalled that the late Mr. 
H. Lingard, a Fellow of this Society 
and Principal Lighting Officer of the 
Ministry of Supply, who was largely 
responsible for the initiation of the 
Improvements to Lighting Measure 
applied to certain classes of factories 
engaged on production for the Supply 
Departments, was awarded the 
honour of M.B.E. in recognition of 
his services. 


The degree of importance accorded 
to lighting in Government circles is 
important, but what may be equally 
significant is the general acceptance 
by workers, works committees, and 
managements of the importance of 
good lighting carried out by modern 
methods. The more extensive 
statistics now available from indus- 
try prove both that increased output 
can be directly attributed to the 
application of adeauate illumination 
free from glare and also that natural 
lighting is not essential for many pro- 
cesses where it had previously been 
considered that the daylight rate of 
output could never be maintained by 
artificial light. 

It would, however, seem to be a 
pity if this newly-won recognition of 
the importance of lighting in Govern- 
ment Executive circles were allowed 
to wane. 


(4.3) LicHTinG LEGISLATION 


It is appreciated that in technical 
branches such as the Department of 
Scientific and Industrial Research the 
position is fully realised, but the 
author desires to submit that the 
issue of technical memoranda, codes 
of practice, or even Regulations de- 


— 97 — 


YttM 








HUGH S. ALLPRESS ON 


tailing the statutory minima for cer- 
tain classes is not sufficient. 


(4.3.1) Factories (Standards of Light- 
ing) Regulations, 1941 


As the Illuminating Engineering 
Society is in part a cultural body, 
when the time comes for promul- 
gating the war-time Factories 
(Standards of Lighting) Regulations, 
1941 (Published as S.R. and O., 1941, 
No. 94) as part of the common law 
of the country, its voice should be 
heard in considerably extending the 
present scope of the Regulations so 
that they become more of a real wel- 
fare measure to assist the worker by 
the application of an adequate code 
of production lighting. 


(4.3.2) Application of Mandatory 
Lighting Requirements to all 
Factories 


It is also hoped that in due course 
the Regulations will be made applic- 
able to all industrial premises with- 
out the many exceptions and exemp- 
tions listed in the current Order— 
thereby extending its benefits to all 
classes of workers including office 
staff. 

It was stated by Weston in 1941 (2°) 
that the standards of Lighting Regu- 
lations only applied to 10 per cent. of 
the total number of factories régis- 
tered. 

With the subsequent increase in the 
number of factories, particularly those 
smaller works engaged in the manu- 
facture of small engineering parts and 
those in the textile and tailoring 
trades, the proportion to-day must be 
even lower. 


(4.4) EXTENSION OF THE IMPROVEMENTS 
TO ARTIFICIAL LIGHTING MEASURE 


It is submitted that the issue of Re- 
gulations for lighting alone is not 
enough. Some help as to how to 
secure compliance is necessary. Much 
has been accomplished during the war 

riod on these lines, by the Service 

partments, in collaboration with 
the National Industrial Lighting Ser- 
vice, to further modern methods in 
commercially operated industrial 
remises producing essential stores. 
ey found this was essential in the 
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interests of efficiency in producing the 
maximum output of munitions of war 
and, what is more, ways and means of 
providing both the necessary finance 
and also the material and labour were 
found at the height of the war effort, 

A similar position is indicated in the 
recently issued Annual Report of the 
Chief Inspector of Factories for 194 
(21). In order to obtain the desired 
results in connection with lighting and 
other measures to assist war produc. 
tion, the Electrical Inspectors found 
it necessary to depart from their usual 
advisory attitude and became de 
finitely operative, and their construc 
tive assistance proved to be of the 
greatest possible assistance. At pre 
sent there seems to be no official 
machinery set up to continue this 
estimable welfare and _ efficiency 
measure on the same lines. 

Is it too much to hope that that 
which was found possible in war can 
be continued in peace? 
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DISCUSSION 


Mr. F. L. Cator, in opening the dis- 
cussion, thought it was misleading to 
classify the ordinary overlamp type 
of fitting and the type in which there 
was a large gap between the top of 
the reflector and the canopy as dust- 
proof. In a dust- and dirt-laden atmo- 
sphere such as in a foundry it was 
necessary to go to one of two ex- 
tremes; either leave the fitting en- 
tirely open or use a really dustproof 
fitting in which a visor was sealed to 
the bottom of the reflector and have 
a real joint between the canopy and 
the reflector. As regards the filtering 
action which had been mentioned, 
was it possible to obtain a filter 
material which would allow the pas- 
sage of air, would trap dust, and at 
the same time be robust enough to 
use in reflector design? He did not 
see how the suggestion of earthing 
both the reflector and the canopy was 
practicable, particularly with the 


a, eee 








DISCUSSION 


overlamp type of reflector of the 
easily detachable type. 

The author’s statement regarding 
the multiplicity of types of industrial 
fittings offered by manufacturers he 
thought was too sweeping. Neither 
was he convinced by the author’s 
arguments for combining the disper- 
sive and concentrating type fittings, 
and was of the opinion that the sug- 
gestion would lead to waste rather 
than to economy in manufacture. 

As to the position of the lighting en- 
gineer when a new factory was being 
designed, clearly he should be called 
in as early as possible, and there 
should be more co-operation between 
the lighting engineer and the archi- 
tect. The lighting engineer could only 
pull his full weight if he were one of 
a team of specialists, including the 
architect. There was also the point 
whether the interior decoration of the 
factory should not be part of the light- 
ing engineer’s job. He should cer- 
tainly make suggestions for decora- 
tions when submitting his lighting 
scheme. The importance of suitable 
interior decoration in a factory was 
emphasised in the Lucas Works in 
Birmingham, where the _ walls, 
machines, and dado had been care- 
fully studied from the colour point of 
view in relation to the system of light- 
ing, with the result that the conditions 
for the operatives were greatly im- 
proved and the factory appeared much 
more spacious. 

He agreed with the author that a 
lot more work should be done, and 
data published, on coefficients of 
utilisation, depreciation factors, and 
the effects of atmospheric pollution. 
With regard to the latter, he agreed 
that there should be a separate recog- 
nised factor. He also suggested that 
in calculations, “ candle maintenance ” 
or “average lumens over life,” which 
is a known quantity for each type of 
lamp, should be separated from depre- 
ciation factor which, as the author 
said, varies with the maintenance pro- 
gramme as well as the type of shop 
and work. 

Finally, the mandatory lighting 
regulations which the author quite 
rightly hoped for would require an in- 
crease in the number of factory inspec- 
tors, and they would also call for a cer- 
tain amount of work on the part of the 
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Society in educating these factory ip. 
spectors as to what was good lighting 
and how to set about measuring it. In 
the Midlands, he had found that fag. 
tory inspectors, except a very few, just 
had not got the time to worry much 
about lighting. There were a great 
many provisions of the Factory Act 
that had to be enforced, and as the 
lighting requirements were a com. 
paratively recent addition, they did 
not receive the attention they de 
served. 


Mr. S Lay, referring to dustproof 
reflectors, said one had to decide 
whether to have an inexpensive re 
flector which would gather dust or to 
have an expensive fitting which really 
excluded all dirt. In his opinion, 
standard reflectors with cover glasses 
were not satisfactory. With an en 
closed dustproof fitting the cost of 
maintenance and lamp replacement 
was high, as dustproof joints required 
several fixing points, but with the 
cheaper type of reflector which 
allowed convection currents to carry 
away the dust, lamp replacements 
were no more costly than with the 
normal type of fitting. Had the author 
found that the rubber ring he men 
tioned stood up to factory conditions, 
because his own experience was that 
it did not. 

The use of adjustable arm reflectors 
should be discouraged, except where 
it was impossible to do without them. 
If a reflector was adjustable, then it 
would naturally be adjusted, which 
was a waste of time, and moreover, 
although it might be adjusted to the 
satisfaction of the person adjusti 
and using it, it might well be, 
often was, of great disservice to 
someone else a few feet away. 

Referring to the 10-in. shade-ring 
type reflector illustrated by _ the 
author, as used in his distribution 
tests, he would like more information 
about the position of the filament, and 
he said that this small reflector did 
not seem to him to be the best 
which to carry out tests of this nature. 
He would also like more information 
in regard to the reflector profiles. 

With regard to low surface bright 
ness fittings, he believed that the re 
commendations on the subject 
vided for a higher brightness that 
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{0 candles per square inch over a 
limited area in the case of the pris- 
matic type. 

Mr. Lay said he was in complete 
agreement regarding greater co- 
operation between the lighting engin- 
eer and the other specialists engaged 
in the building of a factory. Liaison 
could not be too close or started too 
early, and in these days of increasing- 
ly complicated services, the import- 
ance of this could not be overstressed. 
As an example of this he mentioned 
the difficulties caused to the lighting 
engineer by a sprinkler system of fire 
protection. 

He did not think that the industrial 
lighting engineer should take on the 
duties of the interior decorator. In 
his view, the responsibility of the 
i ting engineer should end when he 

ed for light tones and a suitable 
relationship of the brightness of the 
walls, dado, ceiling and floor with the 
plant installed. Apart from this, the 
very limited knowledge of the sub- 
ject made it a more suitable field for 
the artist and interior decorator until 
research and experiment had made it 
possible to choose with some degree 
of certitude between the several rival, 
and often opposing, theories now com- 
peting for the engineer’s attention. On 
the other hand, he thought that the 
painting of the machine-tools them- 
selves was a matter more for the 
lighting engineer than the decorator 
or artist. 

It was suggested in the paper that 
incorrect utilisation constants were 
frequently used and that research on 
this subject was needed. He was sure 
that the fault lay, not with the 

iginal work published by Harrison 
and Anderson, but with the incorrect 
application of it.. Comparisons of 
some very abridged tables with the 
original showed significant differ- 
ences, whilst the estimation of reflec- 
tion factors and even the room index 
required experience and considerable 
care. 

He agreed that the practice of using 
acombined figure for candle mainten- 
ance and reflector depreciation was 
unsound, and considered that, in this 
case, research might well be under- 
taken on the variation of reflector de- 
preciation in differing circumstances. 


Mr. J. AsHmore expressed doubt as 


to the feasibility of earthing reflec- 
tors without doing away with their 
rustproofness, because the reflector 
would be damaged if a hole was 
drilled through the vitreous enamelled 
reflector, as suggested by the author. 
It would be better to have a fitting 
with a plug connector for the earth- 
ing connection on the reflector. He 
was glad the author did not suggest 
that plastics had a future in this con- 
nection, because he did not think they 
had. Tracking was very prevalent 
in lighting installations, and it could 
not be overcome with the use of 
plastic materials. As a prevention 
against tracking in dusty atmo- 
spheres, Save gaye coke dust and 
pulverised fuel dust, he had used 
plastic compound to plug the ter- 
minals of chokes, etc., and he had also 
experimented with a waterproof 
plastic compound as_ used on 
amphibious vehicles which had good 
electrical properties. 

Whilst agreeing there should be 
early co-operation between the light- 
ing engineer and the owner of a 
factory, he was inclined to feel that 
the lighting engineer should not 
make himself responsible for the 
interior’ decoration, although he 
should have something to say about 
it. After expressing the view that 
maintenance should be very carefully 
and thoroughly carried out, he asked 
the author for an indication of the 
percentage error in designers’ work 
and in practical photometrical 
measurement. Also, had the author 
come across any cases -where the 
weight of the reflectors was too much 
for light structures, and because of 
this it has not been possible to comply 
with the minimum illumination value 
under S.R. and 0.94—6 L/sa. ft.; he 
had experienced this with flameproof 
installations. 


Mr. R. Pye thought that it was 
essential that lighting engineers 
should have a good knowledge of 
building construction, architecture, 
and last, but of great importance, a 
first-hand knowledge of _ interior 
decoration. 

He said that it was his firm 
belief that the owner of a building, 
say a works and a block of offices, 
when contemplating improvements to 
the amenities and general efficiency 
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would be much better able to make 
up his mind if presented with a 
coloured perspective in addition to the 
specification and the usual set of 
plans. This, if drawn up with some 
degree of skill by an artist who 
specialised in this type of work; 
would readily attract the eye of the 
owner of the building, and he might 
then consider incurring extra ex- 
pense. In his experience in the light- 
ing field the adoption of this method 
had often turned the scales in favour 
of quite expensive schemes. On the 
other hand, if the specification were 
unaccompanied by such a picture, the 
client was apt merely to turn it over 
page by page until he came to the 
total estimated cost—and then to 
consign the whole thing to the waste- 
paper basket. 


Mr. D. C. Battie remarked that a 
few days ago he had inspected a 
factory in which the lighting installa- 
tion was put in in 1937. The people 
concerned were perfectly satisfied, 
but the installation had not been 
cleaned since 1937! 


Mr. J. G. CuristopHer referred to 
the increasing temperatures prevalent 
with industrial lighting equipments, 
but suggested that these need not be 
feared. In the case of street lighting 
lanterns he recalled that it is almost 
standard practice to wire them to a 
connector with asbestos-covered cable, 
and that did not seem to have led to 
any trouble with regard to insulation. 

As regards the maintenance of 
vitreous énamel, he was interested in 
knowing what form such depreciation 
took in factories and whether clean- 
ing was a contributory factor. In 
street lighting it had always been felt 
that the actual cleaning of the 
vitreous enamel resulted in deprecia- 
tion. A man went round with a bucket 
of water which gradually became 
more and more gritty, and the sur- 
face of the enamel was injured. He 
asked what had been the experience 
in factories from this point of view, 
apart from corrosive effects. 

Further, had the author any experi- 
ence of the new high-temperature 
stoving enamels, which were believed 
to be stoved at temperatures of 700 or 


800 deg. C.? In what way did these 
compare with vitreous enamel? 

As regards mouldings collecting 
dust, it had been found that some plas. 
tics were responsible for collecting 
more than a fair share of dust, due to 
the formation of static charges on the 
surfaces, and it would be interesting 
to know whether this had anything to 
— the troubles mentioned by the 
author. : 


Mr. J. B. Harris disagreed with Mr. 
Lay’s views as to the function of the 
lighting engineer in regard to interior 
decoration. The work of the lighting 
engineer was to provide good visi 
bility'in a factory, and if the question 
of interior decoration was overlooked 
in relation to the lighting installation, 
then the whole efficiency of the light- 
ing equipment would be impaired 
The lighting engineer should not 
merely suggest the use of light colours 
for walls. He should specify the most 
suitable colours for floors, ceilings, 
and machines, and also the most suit- 
able colour for the areas in proximity 
to the machines. Contrast values 
could then be arranged accordingly, 
Merely to suggest the use of light 
colours was not sufficient, and in view 
of the need for advice on these mat- 
ters, perhaps the term “lighting en- 
gineer” was wrong. Some such term 
as “ brightness” or “ seeing ” engineer 
might be better. 


Mr. H. S. Atupress, replying to the 
discussion, said he did not know of 
any form of dry filter which would 
keep out very fine particles, but the 
special form of rubber seating incor- 
porated in the fittings described in 
the paper had been found to be quite 
satisfactory. There were electro 
static effects which caused the collec- 
tion of dust, but with A.C. it was 
probable that the leakage currents 
through the dust first caused the 
breakdown of the surface of the in- 
sulator which then commenced to 
form conducting paths over and ini 
its own material. This did not occur 
with porcelain insulation. Vitreous 
enamel reflectors could be e 
He had seen this carried out rather 
crudely, but it was quite possible to 
provide an effective terminal, for the 
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DISCUSSION 


pose—although there were, 
doubt, other ways. 


He still felt there was a case for an 
impartial study of the values to be 
given to the utilisation coefficient 
and of depreciation effects. This 
could best be investigated by indepen- 
dent observers who had the necessary 
facilities. 

With regard to high temperature 
stoving enamels and other modern 
methods of rust prevention, he had 
had experience in docks where the 
fittings were subjected to very heavy 
conditions and they were withstand- 
ing alkaline conditions satisfactorily. 
Methods of counteracting the acid 
conditions met in railway work and 
elsewhere were still being investiga- 
ted. Vitreous enamel was, however, 
still the most satisfactory finish in 
general use. 


Commenting on what had been said 
with regard to the tests of dispersive 


no 


and concentrating types of reflectors,- 


he pointed out that the concentrating 
reflector referred to was used as sup- 
plied. The dispersive type fitting 
was specially arranged for this test to 
give the same cut-off as the concen- 
trating reflector. The 10-in. size was 
the largest reflector which could be 
accommodated on the semi-automatic 
photo-electric photometer bench used. 
With bigger reflectors the conditions 
were much worse in practice. It 
would be found in some makes of 300- 
watt sizes and above, that commercial 
dispersive reflectors gave higher 
concentration due to specular reflec- 
tion effects than did some so called 
concentrating reflectors. 


_S.R. and 01941 No. 94 still remained 
in force and was applicable to pris- 
matic units which were now available 
in low surface brightness types. He 
knew of an installation of the greatest 
Ele priority which had been de- 

tely condemned during the war 
because the permitted brightness 
value had been exceeded, and the 
lighting fittings had to be ‘changed at 

last moment to satisfy H.M. In- 
spector of Factories. The weight of 
teflectors was a problem. He did not 

w of an exemption under the 6- 
foot-candles clause of the regulations 


on this account, but he did recall a 
flame-proof installation where a 
special steel structure had to be built 
to carry the lanterns whose weight 
was comparable with that of the roof. 


He suggested that reference should 
be made to relevant B.S.S. on the 
subject of the field accuracy of port- 
able photometers but he desired to 
impress the importance of regular 
checking of instruments and the need 
for watching for fatigue effects with 
certain types of photo-electric cells. 
As regards errors in designer’s work, 
in the sense implied by Mr. Ashmore, 
he believed that these could be 
eliminated to within the limits of 
commercial measurements if the dis- 
crepancies between estimated and 
service values were regarded as due 
to “Factors of Ignorance” rather 
than “errors” and gradually elimina- 
ted by more accurate data with re- 
ference to lamp output, fitting effi- 
ciency, effect of surroundings, and de- 
preciation. 


The cleaning medium to use in any 
particular installation should be re- 
garded as a problem in chemical 
engineering worthy of more detailed 
study. The great thing was, however, 
to clean sufficiently frequently to ob- 
viate the necessity of very drastic 
action and to use plenty of clean 
water to wash away grit, etc. The 
addition of traces of a wetting agent 
of the sodium alkyl sulphate group 
assisted draining without the need of 
rubbing dry. 

Added:—Since the presentation of 
the paper, the E.L.M.A. Lighting Ser- 
vice Bureau has issued a reprint of 
their Electric Illumination Handbook 
No. 2 (Interior Lighting Design). It 
will be noted that this has been modi- 
fied to agree with the revised LES. 
code and takes as a basis for calcula- 
tion the average light output of 
lamps with quite separate allowances 
for maintenance and absorption fac- 
tors. This meets much of the criti- 
cism, made by the writer and other 
speakers at the meeting, of methods 
used during the past years and will 
simplify any investigation into these 
separate factors and the utilisation 
coefficient. 
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|.E.S. Convention 2’ 


The I.E.S. Convention, which took 
place in London during May 14-16 as al- 
ready announced, proved to be a most 
successful event. Over 300 members, 
many of them accompanied by guests, 
attended, and the audiences were swelled 
by representatives of Government De- 
partments and kindred bodies. 

The souvenir programme, distributed 
to all members who attended, contained 


a summary of events and reproductions 
of photographs of some of the member 
of the Society and others who took 
leading part in the proceedings. 

Copies of this programme can still be 
furnished to any members who so desire. 

It is intended to publish the Proceed. 
ings of the Convention, including the ful) 
text of addresses delivered, as a separate 
brochure serving as a supplement to the 
ordinary issues of Transactions. This 
brochure will be available to all LES, 
members in due course. 
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